With the view of continuous analysis of UF6 and/or F2 in the fluorination of U for the development of the fluoride volatility process, an in-line gas chromatograph, made of anti-corrosive materials against the fluorides, has been constructed using two different columns and automatic sampling system.
The separation columns used, were optimized for the simulated process gas composition {(N2, O2, F2)/(UF6)=18, (N2, O2)/(F2)=3.3}, in order to obtain the complete peak separation.
The column selected for UF6 analysis is 0.4 cmp Cu tubing of 3 m long packed with 40w/o of poly-trifluoromonochloro-ethylene oil which is loaded on poly-tetrafluoroethylene powder.
The column for F2 analysis is the combination of the above column with a conversion column of 0.4 cmp tubing of 2 m long packed with KCl powder.
Under these column conditions, the analytical time is 9 and 3 min for UF6 and F2, respectively at the flow rate of 100 ml/min. The calibration curves are linear with a zero intercept, and the analytical limits are, respectively 0.2 and 1 mmHg in partial pressures of UF6 and F2 with 10ml of sampling volume.
In actual adaptation to the fluorination of uranium oxides, the in-line gas chromatograph was satisfactorily able to measure the reaction rate and to detect the end of fluorination. The objective gases for analysis in the fluorination of uranium oxides, are UF6 (0-We')), F2 (0-20%), 02 (0-10%) and N2 (80-10WW.
KEYWORDS
( 2 ) Column Selection 
( 5 ) Short Analytical Time
The short time separation of UF6 is preferable to obtain as many data as possible in 3
to 5 hr of the fluorination of uranium oxides.
System of Gas Chromatograph
A schematic diagram of the system is shown in ( As seen in Table 2 , the peak of UF, is completely separable from those of N2, 02
and F2 under the simulated process conditions.
The retention time (tR) and resolution (R) are about 6 min and above 1.2, respectively.
Although large sampling volume (V)
is preferable in order to raise sensitivity, R is lowered with increasing V. The limitation of V is thus estimated to be about 12 m/ by analyzing experimental data.
( 2 ) F2 Separation Column (column II ) To separate the peak of F2 directly from those of N2 and O2, a sintered silicagel column was first tested at -78dc.
The resolu-tion was obtained to be only 0.7 so that this column was not suitable for the purpose.
In the present method, F2 in the sample gas is converted into CI, by the reaction Fig. 2 Automatic sampling system Table 1 Optimum column conditions for objective UF6 and F2 separation Table 2 Example of column characteristics with KC1 powder in the reaction part of column II and the CI, produced flows into the separation part in the same column. As seen in Table 2 , the peak of CI, is well separated from those of N, and 0, with the optimized column. The unconverted fraction of F2 to C12 is constant at about 3~4% which is negligible in the analysis. The UF6 which coexists with F2, can also be separated by the combination with a NaF trap as used already in the TCC system'.
2.
Other Characteristics of Column I Peculiar behavior of UF6 in the column I was found that the asymmetry (As) of the peak is large in tail, which indicates instability and low sensitivity. Effect of the flow rate on the HETP('" (Height Equivalent to a Theoretical Plate) is shown in Fig. Al . The curve for nitrogen fits more closely than that for UF6 to the theoretical equation ( 1 ) which is defined in Appendix.
However, the UF6 curve is abnormal indicating interaction between UF6 and loading liquid. The concentration effect of UF6 on the distribution coefficient (K) is shown in ( 1 ) Stability In order to obtain the stable column conditions. especially for the column I, the system must be treated repeatedly with F6 and /or UF, just before the analysis to eliminate the moisture accompanying with the carrier gas and leaking in the apparatus. The constant UF6 peak was obtained only after more than eight samplings of 10 ml (20 mmHg partial pressure of UF6) in this system. After the system was left in un-used state for about 2 days, this peak height decreased by several tens percent due to intake of humidity in the column. However, the peak was recovered by the treatments described. It is recommended that the calibration curve must be checked just before and after the analysis.
( 2 ) Response Time (
) Calibration Curves
The calibration curves were obtained by the standard UF6 and F2 gases. As shown Table 3 Effect of UF6 concentration on distribution coefficient (K) Fig. 3 Calibration curves for UF6 and F2 analysis in Fig. 3 , their calibration curves are linear with a zero intercept. The standard deviations are about 4 and 6%, respectively.
The detection limits are about 0.2 and 1 mmHg (10 ml sampling), corresponding respectively to about 0.02 and 0.1% in the concentrations of UF, and F, under the sampling pressure at about 1,000 mmHg. 
By altering
the reaction conditions such as F2 concentrations and temperature, the change of reaction rates was correspondingly measured and the end of the reaction was clearly indicated. As seen in Table 4 , which shows the material balance of UF,, the inte- ( 2 ) Comparison with TCC ( 3 ) Technical Problems To increase the accuracy of analysis, the improvement of air-tightness and the removal of moisture from the carrier gas are actually effective, especially in the solenoid valves and detector equipped with Teflon joint and also in the ordinary carrier gas system.
As makeshift means, the leakages were prevented with adhesive agent and silicon grease.
Stability and durability of the UF, column must further be studied, and the manifold has to set so as to facilitate the calibration before and after the analysis. 
V. CONCLUSION

